Regarding the title, I completely do not get the relationship to the mesosphere, besides the fact that the authors also consider situations with negative vertical gradient of temperature.
This approach and these formulas cannot be used for the mesosphere. The thickness of the surface layer considered in the paper is less by a factor of 80 than the scale height of the atmosphere (about 8 km) and this condition is very different from the mesospheric conditions where the scale heights of 4 -6 km and the thickness of the turbulent layers may be larger than 1 km and the turbulence occupies a region of 40 km. Also, there are other important distinctions between the surface layer in the lower troposphere and the mesosphere. Apparently, the reviewer does not know the principal distinctions between the surface layers in the lower troposphere and the mesosphere.
Revision in the paper: no changes
Reviewer comment: Btw. the study of Obukhov (1971) gives a rigorous summary of the Ri and Ric dependence on the temperature gradient and the authors need to explicitly cite this study and show where they give superior scientific information.
Author response: This reviewer's statement is wrong. There is only one sentence on estimating the Ricr value in the paper (page 15): "Corresponding processing of Sverdrup's data leads to Ricr = 1/11, which is used later in numerical calculations" and then the author states that, "The determination of the critical Ri number is an important problem for atmospheric physics and may be solved only experimentally on the basis of processing reliable data for simultaneous measurements of wind and temperature distributions in the lower layer of the atmosphere".
Thus, Obukhov uses the experimentally determined value (the only value) of Ric for a very rough estimate of the temperature gradient according to his statement (page 21): "Thus, the order of magnitude of the temperature gradient calculated according to K∞ agrees with the observations. In accordance with Sverdrup's observations, the value Ric = 1/11 was used during calculations of the gradient". It is necessary to emphasize that no dependence of the Ric value on the temperature gradient is presented because the author used the only value of Ric = 1/11 that was experimentally determined. This is exactly the opposite of what we have done in our paper. We theoretically define the Ric value and calculate the different Ric values for the different temperature gradients (see Figs. 3b and 4).
It is necessary to emphasize that Obukhov's result with a huge uncertainty in the temperature gradient calculated for the Ric fixed value strongly contradicts the direct and unique dependence of the Ric value on the temperature gradient presented in our paper. This contradiction and other problems with estimates using some formulas presented in the paper are explained in the paper by A.S. Monin and A.M. Obukhov, "Turbulent mixing in the atmospheric surface layer" (Trudy Geophys. Inst., 1954, N o 24, 151 and "Turbulence and atmospheric dynamics", ed. J.L. Lumley, NASA, CTR Monograph, November 2001, p. 164). The authors of this paper state that "Obukhov used some insufficiently reliable data (the critical Richardson number was erroneously taken to be 1/11 on the basis of Sverdrup's results) and therefore we could not directly apply his formulas for the practical calculations". This statement is in good agreement with our attempt to use some of the formulas given in Obukhov's paper.
We are very confused by the reviewer's recommendation of this paper, which, according to the author's statement in his next paper, presents the wrong Ric value and the wrong formulas are used.
It should be noted that Obukhov's paper was published in 1946 by the journal Trudy Inst Teor. Geophys, vol. 1, 95-115. However, this publication was really inaccessible outside of the USSR. The reference given by reviewer 2 corresponds to a translation of this paper published by the journal Boundary-Layer Meteorol, 1971, 2, 7-29. In the introduction to this publication, J. A. Businger and A.M. Yaglom explain the reason for this publication: "Probably the major contribution of the paper is the introduction of the 'length scale of the dynamic turbulence sublayer', L. This length scale was later introduced independently by Lettau (1949) , and at present, it is commonly known as the Monin-Obukhov length. Its fundamental role in the whole field of boundary-layer meteorology was most clearly explained in the well-known paper by Monin and Obukhov (1954) [3455] [3456] [3457] [3458] 1967) pointed out that it is unlikely to have conditions for dynamic instability without gravity waves. Tides alone are not sufficient to induce dynamic or convective instabilities, but the tides can influence the conditions for dissipation of the gravity waves and the development of dynamic instability due to change in the temperature gradient. In any case, adiabatic expansion is a fundamental process for dynamic instability and the adiabatic lapse rate is a very important parameter. This assumption is used to derive the buoyancy frequency formula (see, for example, Peixoto, J. P., and Oort, A. H.: Physics of Climate. New York: SpringerVerlag, 1992), which is included in the chain of equations (6)-(10). The Richardson number depends directly on the adiabatic lapse. Unfortunately, the reviewer does not explain why adiabatic expansion cannot exist for the tides. We do not consider the mesospheric background parameters' variability induced by the different processes. We only consider the dependence of dynamic instability on the temperature gradients in the mesosphere. Unfortunately, the reviewer does not explain what kind of observational studies he means. In our paper, the results of the experimental data (Bishop et 
Author response:
We are very surprised by this comment. Eq. 8 is the result of the simple combination of generally accepted Eqs. 2, 6, and 7 with partial derivatives and it is impossible to obtain this formula with total derivatives in only one equation in this combination. Eq. 6 is the key formula and presents the temperature gradient corresponding to adiabatic expansion due to upward parcel displacement. This result does not depend on the kinetics of parcel motion. This is the generally accepted approach for estimating the effect of parcel displacement on the temperature for adiabatic expansion/compression. Unfortunately, the reviewer's statement is too general without an explanation or a reference.
Revision in the paper: no changes
Reviewer comment: Most importantly, on their way from eq. 6 to 10 they use in P4L80 an equation for Ri based on different assumption ( 
they don't tell anything about this formula, which is crucial) and then they consider this Ri (general?) to be equal to the Ri in eq. 7 (adiabatic expansion) for deriving eq. (10).
Author response: The derivation of Eq. 6 was given in Appendix 1. Taking this comment into account, an additional explanation is included in the text (page 3) and Appendix 1. The main point is that Eq. 4 corresponds to incompressible fluid and ωB 2 =(-g/ρ0)∂ρ0/∂z, but Eq. 6 corresponds to compressible fluid (adiabatic expansion) and ωB 2 = (g/T)(∂T/∂z + g/Cp) should be used, so in this case, Eq. 7 and Eq. 8 must correspond to compressible fluid. 
where H =κT/mg, α = β = ∂H/∂z = (κ/mg)∂T/∂z, and n = ρ/m.
The derivation of eq. 13b is now given in Appendix 4.
Revision in the paper: Page 19, lines 322-340.
Reviewer comment: The authors need to carefully rewrite all of their analytical derivations, distinguish properly between local and total derivatives, list the assumptions made an ensure consistency between the assumptions and also distinguish in their formulas between constants and functions of altitude (f(z)). Without this it doesn't make sense to discuss any results given later in the text (poor evaluation of the derived formulas), because my personal opinion (the authors are welcomed to prove otherwise) is that the results are dominated by flaws in their analytical construct.
Author comment: The reviewer's negative comments are too general without any evidence, examples, or references. For instance, the reviewer says that "the results are dominated by flaws" but does not prove his/her mere allegations. Moreover, the reviewer has stated (in two separate instances) that the assumptions have not been explicitly listed in the paper, whereas in fact, they were provided on pages P2L27,28; P3L58-64; P4L72,73; P5L96,97; P6L 111-113; P7L114,115 and L126,127; and P13L204-206 of the submitted manuscript. Also, it is totally unclear why the reviewer insists on using "total derivatives" while all the well-known formulas are customarily defined in terms of partial derivatives.
Revision in the paper: no changes Author response: Note that reviewer 1 did not have a problem with the language used in our paper. We made a few language corrections to the text. The reviewer's statement, "the authors write that some study is wrong, but do not prove it," is incorrect. The explanation was presented in detail in Appendix 3. Note that this reviewer's statement does not demonstrate a language problem. Our paper stated, "The goal of this paper is to estimate the critical Richardson number, , corresponding to the equilibrium between the buoyancy force and the force induced by wind shear in the mesosphere. Dynamic instability is developed for < . Our approach considers the acceleration corresponding to both forces, taking into account the mesospheric temperature height distributions". It is not clear why the reviewer objects to the word "force". Again, note that reviewer 1 did not have a problem with the language used in our paper.
In general, reviewer 2's apparent lack of understanding concerning the distinction between the surface layer in the troposphere and the mesosphere, the unproven statements about the important role of tides for dynamic instability development, the use of total derivatives in commonly used formulas, and his/her request to present the derivation of the well-known and commonly used formula of density distribution in the upper atmosphere clearly demonstrate that the reviewer is not adequately familiar with the physics of the upper atmosphere and dynamic instability. One obvious evidence of this is the reviewer's persistent recommendation of a paper that, according to the author's statement in his next paper, presents the wrong Ric value and uses the wrong formulas.
Revision in the paper: Changes were made, including on page 3. Richardson number can be estimated. Dynamic instability is developed for < . This 11 new approach, for the first time, makes it is possible to establish and estimate the temperature 12 gradient impact on dynamic instability development. Regarding our results, increases from 13 0.25 to 0.38 as the negative temperature vertical gradient increases from ∂T/∂z = 0 to ∂T/∂z ≤ -9 14 K/km. However, for the temperature, independent of altitude, is 0.25, coinciding exactly with 15 the commonly used and estimated in classical studies (Miles, 1961; Howard, 1961) and 16 subsequent papers without the temperature impact. The increase in the value strongly 17 influences cooling, inducing the cooling rate increase. Also, our results show that criterion < 18 0.25 can only be used for the turbulent diffusion, which is characterized by eddies with sizes much 19 smaller than the scale height of the atmosphere. The value increases with the increasing size 20 of the eddies, but the term "eddy diffusion" cannot be applied to transport due to the large-scale 21 eddies (Vlasov and Kelley, 2015) . This determination leads to the relation 29
Dependence of the critical
where is the buoyancy frequency, 31 (5) 60
This will be used here to estimate the accelerations due to wind shear and the buoyancy force in 61 compressible fluid under mesospheric conditions. 62
The goal of this paper is to estimate the critical Richardson number, , corresponding to the 63 equilibrium between the buoyant force and the force supported by wind shear in the mesosphere. 64
Dynamic instability is developed for < . Our approach considers the acceleration 65 corresponding to both forces, taking into account the mesospheric temperature height distributions. 
Acceleration Induced by the Buoyancy Force 103
The buoyancy force is = ( − ) where and are the background atmospheric 104 density and the disturbed density, respectively. The acceleration is given by 105
(12) 106
The atmospheric density distribution can be given by 107 larger than the that corresponds to < . We emphasize that the perturbation scale sizes 121 induced by wind shear do not exceed 1-2 km, according to the observations (see Lübken (1997) ). 122
Note that formula (13b) should be used instead of formula (13a) in the nominator of formula (15) 123 for atmospheric temperature distribution with < 0. As can be seen from Fig. 2 , the values 124 significantly decrease in this case, since the atmospheric density given by formula (13b) The eddy turbulence heating/cooling rate can be given by the equation (Vlasov and Kelley, 187 2010) 188
where eh K is the coefficient of the eddy heat transport, ρ is the undisturbed gas density, and b is a 190 dimensionless constant given by the relation obtained using the results of Gordiets et al. (1982) , 191 where ε is the energy dissipation rate, and b can be given by formula (19). The vertical distribution 196 of the ε value in the turbulent layer can be approximated by the Gaussian function 197
where h is half of the layer thickness and is the ε value at the altitude of the layer peak . 199
Using this approximation, dividing equation (18) shown that the critical Richardson number, corresponding to the equilibrium of these forces, can 220 be estimated and the dynamic instability developed for < . This new approach is very 221 different from the approach used in classical studies (Miles, 1961) and subsequent papers. Note 222 that Miles and the other authors did not consider the temperature's influence on dynamic instability 223 development. However, the mesosphere is characterized by the negative temperature gradient, and 224 the turbulence peak is observed in this region. For the first time, it has been estimated and 225
established that the value depends on the temperature gradient. The value increases with 226 the negative mesospheric temperature gradient increase. It should be emphasized that our 227 estimated value is exactly the same as the value of 0.25 estimated by Miles (1961) and 228 other authors and does not depend on the temperature for / = 0. 229
The Richardson number dependence on the temperature gradient influences the cooling rates 230 induced by eddy turbulence. These rates significantly increase with an increasing , but the 231 influence of the negative temperature gradient on the cooling for = = 0.25 is very 232
small. 233
Also, our results show that criterion = 0.25 can be used for turbulent diffusion that is 234 characterized by eddies with a size that is much less than the scale height of the atmosphere. The 235 value increases with the increase in the vertical size of the wind shear (see Fig. 3a ), but there 236 is a problem with applying the term "eddy diffusion" to momentum and heat transport because of 237 the large-scale eddies in this case (Vlasov and Kelley, 2015) . 238
In general, our results show that the criterion = 0.25 can only be applied to turbulence with 239 small scales corresponding to the eddy diffusion. This diffusion provides the mixing of neutral 240 constituents and their diffusive separation as a result of the competition between eddy and 241 molecular diffusion. In this case, the criterion = 0.25 is necessary and sufficient, but not for 242 the more complicated shears mentioned above and observed in the lower thermosphere. 243 
